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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a phthaiocyanine compound having an absorption 
in a near-infrared region and having improved solubility in a polar solvent by reacting a 
phthaiocyanine compound with an alkylating agent. 

SOLUTION: A phthaiocyanine compound of formula I is reacted with an alkylating agent 
at room temperature to 200° C for 30 min to 40 hr to obtain a phthaiocyanine compound 
represented by formula II and having an absorption in a near-infrared region of 700-1,000 
nm. In the formulae, R1 to R8 are each an optionally substituted alkyl; X1 to X8 are each 
H, a halogen, an optionally substituted alkoxyl, an optionally substituted alkylthio, an 
optibnafly substituted aryloxy, or an optionally substituted arylthio, provided that at least 
one of R1 to R8 or of X1 to X8 is a group having substituents being amino groups at 
least one of which is in the form of an ammonium cation; Z is a charge counteracting ion; 
n is^an integer of 1 or greater necessary to counteracting the charge; and M is a pair of 
hydrogen atoms, a divalent metal derivative, a trivalent metal derivative, or a tetravalent 
metal derivative. 
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-JU^:*S. 4- (v^;ux^;ut>^E^OA) ^x 
-;UT^X. 4- (j*^UvX^;U7>^ — OA) 37 x 

-;u^^*. 4-vxf^7 5y7i-;uftS, 4- 

h Ux^UTV^E — OA^x— ;i^:ta. 4-*?Pfcf;U 
7H/7x-;i/ftS, 4-v7'Ptfil/75>'7i-;i/ 
4- (v3?P tfjU^^UT^-OA) T7x ~ 
;UT*S. 4- (v^P^Xfj^^-OA) ?x 

4- (h'j^pe^^-^A) ?x- 

4- (i/^JU^f^^-^A) 37x- 
JU^X. 4- (y^fJbXf^^t-OA) yji — 

[0037] zi*««*ft-f^->-efcy. ffH^tfF-. 

C I - s Br~. I Br04", CIO4-, BF 
4-. CH3CO2-, CF3CO2- . PF 6 -, 
SbF 6 -, CH3SO3- % 
[0 0 3 8] 

p- h;UX>X;U**— K<!:In ; 3)A<$t£L< . 
C I Br~. I C I O4-. BF 
4 — - CF3CO2-, PF6", SbF6" s p 
- h;UX>;*JU**— hWTfLOo nl^T 7 ^ — OA 

L<li1 ~1 6T*fcy. *#CI1 ~8tMt£LI^o 
[0 0 3 9] **W<D-«3£ (I) T*a^ti4^^Pv 

[0040] <b£^ (1) 

R1=R2=R3=R4=R5= R 6= R 7=R8= ' 
so-^WiXi= (X3. X 4(Dl^tlfr—j5) 
= (X 5 . X6^)^fW-S) = (X 7 . X 8 0>^-f 

X 2 = (X 3 . X 4 CDt5-^F) = (X 5 . X 6 Ot7 
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-15) = (X 7 . X Q (D^O-?5) =2- (vlfiM 
^UTV^x^A) X^JUT^S 

m = vo, z = p - h;ux>x;u7t^^— h, n = 4 

[004 1] it&® (2) 

R-,=R 2 = R3 = R4 = R5 = R6 = R7=R8 — ' 

s o — 

X1= (X 3 . X 4 <0L>-Tti^-^) = (X 5 . X 6 <*> 
L^rtl^-*) = (X 7 . X 8 ©t^tl^-*) = 
IT 

*2= (X3. X 4 CD^5-^) = (X 5 . X6^t5 
= (X 7 . X 8 ^t5-^) =2- (ylfJ^ 

M=Cu, Z = p - h;i/X>X;U7tx^— h, n = 4 
[0 0 4 2] it-Sty (3) 

R 1 =r 2 =r 3 =r 4 =r 5 =r 6 =r 7 =r 8 = ' 
s o — '^VvvUae 

Xi = (X 3 . X 4 ^)t>-rtl^-*) = (X 5 . X 6 (?) 
ivrftfr-*) = (X 7 . X 8^t>-Ttt^-*) = «* 

it 

X 2 = (X 3 . X 4 <?)t9-S) = (X 5 . X6^t5 
— *) = (X 7 % X 8 ^t5-^) =2- (vX^JU* 

M=Zn, Z = p - h;UX>X;U**— K n = 4 
[0043] it^m (4) 

R 1 =r 2 =r 3 =r 4 =r 5 =r 6 =r 7 =r 8 = ■ 
s o -'O^JUS 

X-| = (X 3 . X 4<Dl*-¥Hfr-Jji) = (X 5 . x 6 o 
l^tifr-Jj) = (X 7 . X 8 <DlW-») =** 

BT 

X 2 = (X 3 . X 4 C0t : 5-*) = (X 5 . X6^ta 
= (X 7 % X 8 C0t 5-^) =2- (vlfjM 

M=N i , Z = p - hJUX>XJt,7fc*— K n = 4 
[0044] <b£fe (5) 

R 1 =R2=R3=R4=R5= R 6 =R 7=R8= ' 

s o-^>^;u* 

Xi = (X3, X 4<Dl*-?tlfr—'?5) = (X 5 . X 6 £> 
l^m^-S) = (X 7 . X 8 d!)tW-"») =tt* 

x 2 = (x 3 . x 4 cd^5-^) = (x 5 . xe<n*>o 

~15) = (X 7 . X 3-^) =2- (vlfjM 

fJb/^-OA) x^U^3j-« 
M=Co, Z = p - h;ux>x;U7fx^— K n=4 
[0 0 4 5] lb^ (6) 

R 1 =R2=R3=R4=R5=R6=R7=R8= • 

s o -^>^;u» 

Xi = (X 3 . X 4 <7>lvr*li^-#) = (X 5 . X 6 0> 
l^Ttl*-*) = (X 7 . X 8 0H^"f*^-*) =** 

it 

X 2 = (x 3 . x 4 (?)t5-S) = (X 5 . X 6 0)t5 



= (X 7 . x 5-^) =2- (vif;^ 
^UT^-^iO x^;u^^~S 
M=Pd, Z= p - h;UX>X;U7tx^— h. n = 4 
[0046] {b£4S3 (7) 

R 1 =R 2 = R 3 = R 4 = R 5 = R 6 = R 7 =R 8 = j 

s o-'O^JUS 

Xi = (x 3 . x 4 (0tW-J) = (x 5 , x 6 <& 
t>r*tfr-:£) = (x 7 . x 8 (D^fto-^) = ** 
IT 

X 2 = (X 3 . X4<Dt5-Jj) = (x 5 . x e o^o 
—f5) = (X 7 , X 8 (0t?-^) =2- (vlfil> 

M=Pb. Z = p - h^UX>X;U7fx^— h, n = 4 
[0 0 4 7] <b*«fl (8) 

R 1 =R2=R3=R4=R5=R6=R7=R8= ■ 

Xi = (X 3 . X4<Dt^*l3^— = (X 5 . X 6 <D 
L^rtl^-*) = (X 7 . X 8 a>l^*l^-») = ** 
IT 

X 2 = (x 3 , X 4 (Dt* : 5-^) = (X 5 . X 6 0)t5 
— A) = (X 7 , X &<D^O-?5) =2- (vlfiM 

M=VO, Z= I — t n = 4 
[OO 4 8] it^Ml (9) 

R 1= R 2 = R3 = R 4 =R 5 = R 6 = R 7 =R 8 =r j 

so-^>fJHXi= (X3. X 4 (Dlv*Mlfr— ^) 
= (X 5 . X 6 0)t^*t3& x -*) = (X7. X 8 Wr 

*u&*-*) =**ST 

X 2 = (X 3 . X 4 (D%3-^) = (X 5 . X6<&*5 
= (X 7. X s^^O-Ij) =2- (vlfiM 
^JUT^^E — OA) X^;U^^S 
M=VO, Z = B F 4 — , n = 4 
[0 0 4 9] <b#4fcl (10) 

R1=R2=R3=R4= R 5=R6= R 7=R8= ■ 
s o-^>fjH 

X -| = (X 3 . X 4<Dl*-?tLfr—-%) = (X 5 . X 6 tf> 
lvf*t**— = (X 7 , X S<0l^*l^-15) =tS* 
JIT 

x 2 = (x 3 . x 4 ot,5-^) = (X 5 . x 6 ^t3 

= (X 7 . X 8 (7)t5-^) =2- (vlfiM 
^JUT^-OA) x^;u^-^-£ 
M=VO, Z = C I 04-, n = 4 

[0050] it^Vn (11) 

R 1 =R2=R3=R 4 =R5=R6=R7=R8= ' 

s o-^>f;i/S 

Xi = (X 3 . X 4(Dl^-r^^^— 15) = (X 5 . X 6 ^> 
t^Ttl^-^) = (X 7 . X 8 ©i^h^-») 
IT 

X2= (x 3 , x 4 0t5-^) = (X 5 . X6<Z>*3 
= (X 7 . x 8 co^^-^) =2- (yifiM 
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T/UT^^-^A) x^ju^S 

M = VO, Z = P F 6 n = 4 
[00 5 1] (12) 

R 1 =R2=R3=R4=R5=R6 =R 7=R8= ■ 

s o -^>^;uS 

X -| = (X 3 . X 4 C0L>-rtL^-*) = (X 5 . X 6 <£> 
= (X 7 . X 8 <7Hvf;ftfr--;S) = ££R 

X 2 = (x 3 . x 4 <Dt5-S) = (x 5 . x 6 o>to 

—?5) = (X 7 . X 8 (Dt5-S) =2- (yXfjM 
^UTV^E-OA) x^;u^S 
M = VO. Z = CF3C02", n = 4 
[00 5 2] Ibfttt (1 3) 

R 1 =R2=R3=R4=R5= R 6 =R 7=R8= ' 
s o -^>^^US 

Xi = (X 3. X ^(Dl^-rtl^-yj) = (X 5. X 6 <D 

i*r*t*-»> = (x 7 . x 8 ot^3h^-*) 

X 2 = (X3s X 4 <7)£?-?j) = (X 5 . X 6 CD%^ 
— *) = (X 7> X 8 (Dt9-») =2- (*/X^U* 

M = V O, Z = CH3S03-, n = 4 
[005 3] (1 4) 

R1=R2=R3=R4=R5=R6= R 7=R8= i 
s o -'<>^;ug 

X-| = (X 3 . X^CDl^hfr-Jj) = (X 5 . X 6 (7> 
l^*L^-*) = (X 7 , X s <*Hvf 

X 2 = (X 3 . X 4 0t^-^) = (X 5 . X6<?)t? 
— = (X 7 . X 8 ^t3-^) =2- (ylfJM 

M-VO, Z = B r — , n = 4 
[0 0 5 4] it^ty (15) 

R 1 =R 2 = R 3 = R 4 = R 5 = R 6 = R 7 =R 8 = j 

s o-"<>^;u» 

X-|= (X 3 . X 4 (7H^-f*t^-/j) = (X 5 , X6^ 

X 2 = (X 3 . X 4 CD*,5-/j) = (X 5 . X6fl)t? 
-75) = (X 7 . X 5-^) =2- (vlfJM 

- h;ursy x^;u^<D7£yg*<y^;Mb£;h, 

M = VO, Z= p - hJUX>^;i/**- K n = 2 
[0 0 5 5] (16) 

R 1= =R 2 =:R3=R 4 = R 5 = R 6 =R 7=R8== j 

S O -^>^US 

X -| = (X 3 . x 4 coivr*u^-;S) = (X 5 . X 6 0> 
i*r*u*-2i> = (x 7> x 8 fl)iW-S) =tt* 



x 2 = (x 3 . X 4 0t5-W = (X 5 . X6^^5 
— *) = (X 7 . X 8 0)t5-S) =2- (ylfJb> 
^UT^— ^A) Ifil/ftltfcy, 5*)2O02 

m = vo, z = p - h;ux>x;U7t^^>— h. n = 2 

[OO 5 6] <b£l$3 (1 7) 

Rl=R2=R3=R4=R5=R6=R7— R8- ■ 
s o-^>f;uS 

X1= (X 3 . X 4 (DL^■rtlA^-^) = (X 5 . X 6 
lvT*l*-3M = (X 7 . X 8 C0L^tt^-^) =tt* 

x 2 = (x 3 . X 4 (D%^-^) = (X 5 . X 6 Ot5 
-S) = (X 7. X 8 tf>*>3-/3) =2- (yifiM 
^UT'^-OA) Xfjl/ftltfcy, 5*>2O02 

- v * HUT 5 J n^A^irayy 5 / g£< n —ir*? =F)\, 

M = VO, Z = p- h;UX>X;U7^^— K. n = 2 
[0 0 5 7] it&ty (18) 

Rl =R2=R 3 =R 4 =R5=R6=R7=R8= ' 

s o -^>t;uS 

Xi = (X 3 . X 4 <7H^*lfr— *) = (X 5 . X 6 <£> 

lv«i*-*) = (x 7 . x 8 o^fti^-S) 

X 2 = (x 3 . x 4 cot5-*) = (x 5 . x 6 ^t^ 
= (x 7 , x 8 0t5-S) =2- (vx^;u> 

^JUTl^-^A) Xfjbftit'fcy, 5*>20CD2 
-y> HUTS/ xf;bft^7Sy &tf*TMt$ti 

M = VO, Z = I -, n = 2 
[OO 5 8] \t^¥to (19) 

R 1 = R2 = R3 = R4 = R5 = R6 = R7=R8= :i: 

X1=X2=X 3 =X 4 =X5=X6=X7=X8=2 

- (yxf^f^^-OA) x^;u^^-& 
M = VO, Z= p - h;UX>;*JU7h*— h, n = 8 

[0 0 5 9] <b*tt (2 0) 

R 1 =R2=R 3 =R4=R5=R6=R7=R8=n 

Xl=X 2 =X3=X 4 =X5=X6=X 7 =X 8 =2 
-i;xf;u7H/ x^;u^^-*TrfcU , 5*>4O02- 
vxf;i,7 £ y x^;u^^-S<7)T S S mtf* ?JHbSF*i 

m=t io, Z= p - HUX>X;U/fc*— K n = 4 
[0 0 6 0] ft;^«B (2 1) 

R 1 =R 2 =R 3 =R 4 =R5=R6=R7= R 8= n 

Xi = (X 3> X 4 (7H^*l^-;5) = (X 5 . X 6 ^> 
LN-Ttt^-^) = (X 7 . X 8 ^t N "^ti^->3) =am 
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X2= (X3. X 4 (7)t5-^) = (X 5 . X 6 ^t^ 
= (X 7 % X sCD&o-Jj) =2-yifil/7S 

/'xf^ftitfcy, 5*>4o(D2-vxfji/7 a y 

M= A I C I . Z= I n = 4 
[006 1 ] fc^KS (22) 

R 1 =R 2 =R3=R4=R5=R6=R7=R8=n 
X1=X 2 =X3=X 4 =X5=X6=X 7 =X8=2 

M = VO, Z = C I O4- n = 4 
[0 0 6 2] <b£^ (2 3) 

R 1 =R2-R3-R4=R5=R6 =R 7 = "8 = ^ 

7 = y xf;HA<> ^;Mb^ti7>^E-0 

X 1= X 2 =X3=X4=X5=X6=X7=X8 = 

M = VO, Z = p - h;UX>X;U7fx^— h, n = 4 
[0 0 6 3] it^Vn (2 4) 

R 1 =R2=R3=R4=R5=R6=R7=R8=V 

/^7 5yxfjn^s,y % 5*)2oo2-v>fji/ 

X1=X2=X 3 =X4=X5=X6=X7=X 8 =* 

M=VO, Z= p - h;UX>Xn/**— h, n = 2 
[0 0 6 4] it^M (2 5) 

R 1 =R2 = R3 = R4 = R5 = R6 = R 7=R8 = K 
'J ^f^^-^Axf^S 

X1=X2=X3=X4=X 5 =X 6 =X7=X8=> 

m = cu, z = p - K;ux>x;u/^^— K n = 8 

[0 0 6 5] it-Sty (2 6) 

R1=R2 = R3 = R4 = R5 =:: R6 = R7 = R8=^ 
'J^f^^-^Axfji.i 

X 1 =X 2 =X3=X 4 =X5=X6=X7=X 8 X= 

m = c u, z = P - h;ux>x;u^^— h. n = 8 

[0 0 6 6] <b£!$! (2 7) 

R 1 =R 2 =R3=R4=R5=R6=R7=R8=^ 
'J>f^7 >^E — ^7 AX^JUJt 

X1=X2=X 3 =X4=X5=X6=X 7 =X 8 =7 

x— ;u?h^rvS 

M=N i , Z=p-h^x>X;i/^^-h, n = 8 
[0 0 6 7] <b£^ (2 8) 

Rl=R2=R3=R4=R5=R6=R 7 =R 8 =n 



X1=X2=X 3 =X 4 =X 5 =X6=X7=X8=3 

M=N i , Z = S b F 6 ~. n = 8 
[0 0 6 8] itSVa (2 9) 

R 1= R 2 = R 3 =:R 4 =:R 5 = R 6 = R 7 =:R 8 =^ 

x^;u (n-:t^^u) 7^-^Axf^S 

X 1 =X2=X3=X4=X 5 =X 6 =X7=X8=4 

-y h^y7i_mvi 

M= S nCI 2 , Z = C|-, n = 8 
[0 0 6 9] fls^tt (3 0) 

R 1 =R2=R3=R4=R5= R 6= R 7=R8 =I 
X1= (X3. X 4 0H^*t* N — *) = (X 5 . X 6 ^> 

L>rtt3&>-*> = (x 7 > x 8 coi>-r*L^~^) 

Ml* J 

X 2 = (X 3 . X 4 CDt5— *) = (X 5 . X6(0t,5 
= (X 7. X 8 COt 5-^) =4-yXf^7 = 

y 7 x —)i,T*g:<D7 5 y »*><y ^Hb**i7 O 

M = I n C I , Z = CF 3 C0 2 -, n = 3 
[0 0 7 0] it^m (3 1 ) 

R 1 =R2=R3=R4=R5=R6=R7=R8=3 
X 1= (X 3 , X4(D^1*tL^-*) = (X 5 . X 6 <Z> 

X2= (X 3 . X 4 (7)^5— S) = (X 5 . XqCD^O 
— *) = (X 7 . X 8 (Dt5-*) = 4 JUT 3 
y 77 x -jl/ftit^i-J . 5t)3^2-y>fJl/75 

y 7 1 t!0)7 5 y f JMb^*i7 v^- 1 !; 

M= FeCI, Z = B F 4 -, n = 3 
[00 7 1] (3 2) 

R1= (R3> R4^tW" ?5) = (R5, R6^> 
l^i?Hfr-j5) = (R 7 , RbOIW-S) =2- 
y h^yXfjH 

R 2 = (R3> R 4<Oio—y5) — (R5, R6^)^3 
—f5) = (R7. R8^t5-S) =2~h'J>fJU7 
>^-^Axf;H 

X -j =X2 = X3 = X4 = X5 = X6 = X 7 =X 8 =^ 

M = VO, Z = CI0 4 -, n = 4 
[0 0 7 2] \t^m (3 3) 

R1= ( R 3^ R4^t^tl^— f5) = (R5> R6^ 
1^*1^-7}) = (R7, R8©lW-S) = 2- 
x h + yxf;H 

R 2 = (R3* R4^)t3-^) = (R5> Re^>^o 
— *) = (R 7 . R8^t?-^) = 2-h«J>5^U7 
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X1=X2=X3=X4=X 5 =X6=X7=X8=^ 

M=VO, Z = C I O4-, n = 4 
[0 0 7 3] fcfttt (3 4) 

R1= (R 3 ^ R4^tW-^) = (R5> R6<& 

;ug 

R 2 = (R3* R4^)^9-S) = (R5s R6^t5 
— *) = (R7s R8^9-S) =2- Mjy^UT 

X1=X 2 =X3=X4=X5=X 6 =X7=X 8 => 

M=VO, Z = p - h;ux>x;u7fx^— h, n = 4 
[0 0 7 4] (3 5) 

Rl= (R 3 ^ R 4<Dl*~$*4ljj s ' — 35) = (R5, R 6<£ 
1^*1**-*) = (R7, R8©^ftl* x -S) 

R 2 = (R3- R4^t^ - ^) = (R5* R6^)t? 
—A) = (R7, R8^)t9-S) =2-hU>^UT 

X -1 = x 2 = X 3 = X 4 = X 5 = X 6 = X 7 = X 8 =tK 

mm* 

m=Cu, z = p - h;ux>x;u/fc*— h. n = 4 

[OO 7 5] ^b^ife (3 6) 

Rl= (R 3 * R4^tW-J) = (R5, R6^) 

i^-rttA^-*) = (R7, Rsoiw-i) 

R 2 = (R3^ R4^^5-^) = (R5, R6^)t? 
= (R7. R8^^3-^) =2-hU>5 L JU7' 

X 1 = (X 3 . X 4 <7H^;ft,^— A) = (X 5> X 6 <Z> 

x 2 = (x 3 . x 4 ^t^-^) = (x 5 . x 6 ^t5 

-*) = (X 7 . X sCDto—Jj) =4-*T)is? jl- 

M = MnOH, Z = p - h;UX>X;U7^^— h, n = 4 
[0 0 7 6] (3 7) 

R1=R2=R3=R4=R5= R 6=R7=R8 =I 

X1= (X 3 . X4 0^fW-*) = (X 5 . X6O 
L^rtlfr-*) = (X 7 . X 8 (Dl^rtl^-*) =** 

JIT 

x 2 = (x 3 . x 4 gd*,5-A) = (x 5 . x e <D=b5 
-Jj) = (x 7 . X8<0*?-A) =3-h'J>f;i/7 

M = VO, Z= p - hJUX>X;U**— h, n = 4 
[0 0 7 7] <b^1$3 (3 8) 

R 1 =R 2 =R3=R4=R5=R6=R7=R8 =I 



Xi = (X 3 . X4©l^ll^-») = (X 5 . X 6 <& 
JgCT- 

X 2 = (X 3 . X 4 (Dt5-^) = (X 5 . X 6 Ot5 
-15) = (X 7. X 8 C0t 5-^) -3 - h'JXf^? 

M = V O, Z = I n = 4 
[0 0 7 8] it^ty (3 9) 

R 1 =R2=R3=R4=R5=R6=R7=R8=> 
X-| = (X 3 . X4©^W-J) = (X 5 , X 6 <D 

L^r*i^-*) = (x 7 . x 8 cd^^^-*) =&m 
jit 

x 2 = (x 3 . x 4 <z>*o-A) = (x 5 . x 6 (?)t^ 
-A) = (X 7 . X 8 Ot?-S) =3-yXfMf 

M = VO, Z = C I O4- , n = 4 
[0 0 7 9] it-Sty (4 0) 

R 1 = R2 = R3 = R4 = R5 = R6 = R7 = R8 :=I 
Xi = (X 3> X 4 <ZHvr*tfr— A) = (X 5 . X 6 <7> 

i*«i*-jw = (x 7 . x 8 cD^-r^-*) =** 
1ST 

X 2 = (X 3 . X 4 CDt : 5-^) = (X 5 . X6^t.5 
—A) = (X 7 x X 8 C0t^-^) = 2-hU>^JU7 
> - ^ A ? x zl; U ^ ;t » 
M = VO, Z = C I O4-, n = 4 
[0 0 8 0] (4 1 ) 

R 1 =R2=R3=R4=R5=R6=R7=R8=^ 

xi = (x 3 . x 4 a>ivr;K*r>— A) = (x 5 . xe<r> 

l^tlfr-?5) = (X 7 . XsCOl^H^-^) =^*> 

x 2 = (x 3 . x 4 cd^5-^) = (x 5 . X 6 Ot3 
—A) = (x 7 . x 8 0t?-^) =h , j>^;ur> z E 

M = V O, Z = C I O4-, n = 4 
[008 1] it-Sty (42) 

R 1 =R 2 =R3=R4=R5=R6 = R7= R 8 =I 

Xi= (X 3 . X 4CDl^-f*lfr— *) = (X 5 . X6(7) 
l^tl^— A) = (X 7 . X 8 (Dl>-Ttl^-^) =4- 

X 2 = (x 3 . X 4 (D^5-^) = (X 5 . X 6 0)t5 
-A) = (x 7 , x 8 <?)t5-S) = MJ*5^U7> : E 

M = VO. Z = C I O 4 -, n = 4 
[0 O 8 2] it&fy (4 3) 

R 1 =R 2 =R 3 =R 4 =R 5 =R 6 =R 7 =R 8 =X 
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X1= (X 3 . X 4<7>l^*lfr-;£) = (X 5 . X 6 0> 

i^-fttfr-*) = (x 7 . x s<ni>^hfr-m =3, 

X 2 = (X 3 , X4C0t5~^) = (X 5 . X 6 0)t5 
= (X 7 . X 8 C0t5-^) = h'J^^^UT^^E 

M = VO, Z = CI04-. n = 4 
[008 3] fl:*t& (44) 

R-,=R 2 = R 3 = R 4 = R 5 = R 6 = R 7 = R 8 =X 

X1= (X 3 . X 4 (7)^fto-S) = (X 5 . X 6 C0 
l^-Ttt^-^) = (X 7 . X 8 CDl^-f*l^-;£) =n- 

x 2 = (x 3s x 4 ^*^~^) = (x 5 . x 6 cot5 

— *) = (X /. X ~^) =3- (>'-r. 

M = VO, Z = C I O 4 - T n = 4 
[0 0 8 4] it^ty (4 5) 

R-,=R 2 = R 3 = R 4 = R 5 = R 6 = R 7 = R 8 = n 

Xi = (x 3 . x 4£>^-f*ifr— ^) = (X 5 . X6<£> 
l^tl^-*) = (X 7 . Xb©IW-*) =n- 

X 2 = (X 3% X 4 Ot5^) = (X 5% X 6 Ot? 
= (X 7 , x 8 0)t5-S) =3- (Vlfj^ 

M = VO, Z = B F 4 -, n = 4 
[0 0 8 5] it&Va (4 6) 

R 1 =R2=R3=R4=R5= R 6= R 7=R8 =I 

X -] = (X 3 . X4©l^fll^-S) = (x 5 . x e v> 
1*1*41*-*) = (X 7 . X s^t^tt^-*) = n - 

x 2 = (x 3 . x 4 cd^5-^) = (x 5 . XeCOtd 

-*) = (X 7 . X 8 0^5-^) =3- (v-X^JU 

M=Z n r Z = I -, n = 4 
[0 0 8 6] flsfttt) (4 7) 

R 1 =R 2 =R 3 =R 4 =R 5 =R 6 =R 7 =R 8 =X 

Xl= X 2 =X3=X 4 =X5=X6=X 7 =X 8 =V 



yf^7 5yif;i/ftfi-efe^ 5*>6occ>y ^;ur 
5 y x^ut^Xcqt s y sa<y ^Mb^T^^x^ 

M = Cu, Z= p - HUX>X;U/tN*— h. n = 6 
[0 0 8 7] it^m (4 8) 

R 1 =R 2 =R 3 =R4=R5=R6=R7=R 8 =X 
X1=X 2 =X3=X4=X5=X6=X7=X 8 =V 

y jLT)i>^*m<DT s y sa<y ^Mtts*iT>=B-^ 

M = VO, Z= p - h;UX>*JU7|x^— h, n=4 
[OO 8 8] it-Sty (4 9) 

R 1 =R2=R3=R4=R5=R6=R7=R8= 

1 , 3--v:t4 1 V^>-2-'OUX^;uS 

X 1 - X 2 = X 3 = X 4 = X 5 = X 6 = X 7 = X 8 = V 

= y x^;u^7l-acDr s y ^Mb^liT^^Ex^ 

Art^;f>£ff2j£LTl^ 

M = VO, Z = p - HUX^XJU**— K n = 4 
[0 0 8 9] <b£!& (5 0) 

R1= (R3. R4 0>l v r*lfr-*) = < R 5* R6^ 

ivT4i*-*) = (R7. R 8 ^t>-rn^-^) =2- 

R 2 = (R3. R4^) : fc3-A) = (R5* R6<^*3 
— *) = (R7, R8^)t5-^) =1. 

X -| = (X 3 . X 4 <Dl^*lA^-*) = (X 5 . X 6 ^> 
= (X 7 . X 8 (DL^4l*--*) = 

X 2 = (X 3 . X4<D*>5-Jj) = (X 5 . X 6 (D*>5 
— *) = (X 7 . X 8 C0^5-^) =3- (vXfjM 

M=Cu, Z = C I 04~ f n = 4 

[OO 9 0] 17$ Pv7->fb&ao)8*] — »a 
(I) ■Ca**l***M<D7$rQi/7'->^1Slli. a 

*a*«t±i*. mx\t-m^ an -c**4i*7*ns/ 

7->fc*»i:7;u*;Hb*|*Sl6S*4 - t dJ: U K 
[009 1] 

Hb7] 
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U) 



^Lti frit* '>S^fc!iaMf^Ltt 

cfcl^'J — ;i/ftS^L, R' 1 ~R' 8*fc'*X f 1 
-X' 8 <&'>fc< it-OJai^TS/lSIM^ L 

T*-r5*-e&y. mi*2<1(d*^js^. 2i0$it 

[0 0 9 2] 7;U*;Mb#Ji:LT(*^»<Z)4ia)*fl6fflT? 

>x;ut^>^-< v^pt°;u. Hux>x;u7t->>ggn -^f 

;ux>x;u7fc*— K **>x;u*>B£>^;u. 
xji^vifcx^/u. >^>x;U7t^>Kn-^Pt 0 ;u. * 
*>x;u*>K>f v:7pt:;i^ * $ >x;U7f>>^n 

[0 0 9 3] ^fb*^;u. *fbx^;u % a*bn-:7Ptf 

Mxf;u, ^<bn-^Pt°;u. ;^bn-^k ;*lb 
n-^^U. mttTJls* i£<bx^;u % Mn-^p 

it7)ls*r)\s^ V*7^/UBfc&. V- n -3? 

;ux;u h ^t;ux;u h >f(D7^x;i/ h >^*>< 
3*if*ft£o -lifts* (ID ta^til>7^py7->lb 
^tt^»-r«T;u*;Mb#JO)ffiffl«ii. ii«o. 1-1 

[0 0 9 4] ±ET;u4riHbJSJ£fi. *i»«rF£fcl*» 

A*. ^>-tf>. h;ux>, ^vl^>, - h p^<>-tz>. 

K>y-KUJU»0)*«tliJ«^b**a. n-^"7*> % 
n £ n >> V^P^^F-^V. "r* 'J 

t- h^U >«(0JJBJttft8Hb**H* v^ppy* 



*4 



^ppi^x f ^fppi^x ^ p;u^<>-tf 
v^p;u^>-tz>. h 'J ^ p;u^<>^f ^p;u^-37^ 
u>*a>/\p>r>4bKfc**S. >fv^Pt 0 ;n~f 
;U. i?^7-< Af(Dx- -tJU»L r-b h 

*^;u;*;u**v h\ x;u*^:^ n-*t^h=p'JK 
1. 2-v>fM5?7HH^^Ph>t4S 

[0 0 9 5] ±K7^*Mb£l£l*fflMSS~2 0 0°C 
Sit. *f£L< 1*5 0-1 8 0°CfIj£T*m?*U -flftlZ 

3 o#~4 oBSRHfiJt, »^L<(*1 -2 0B$feias-e 

H7-r^o 8r< LT*&;h**»H<Mb£ttl*. «ffl<D 
HUMMER. fl*.l2lftta« *^i*5»Wl::«fcy£J6 

[0096] zi*««f*»^^->-efey. 7;u*/Hb3fl 
<0Ktt»K*fciiT;u*;MbJ5iSftfriz4*t-*«^* 

ftaLfc4b*«sr-bh>4>. a**M***-c«a-r 

&^t\z£ V®%\z3z&TZ>^tt><X*$. sttfln o<r> 
[00 97] -fiftiS (II) ^«*tl*^*Pi>7-Mb 

dtttt. flaJiTE-tt* (Ml) r*a^^^>^^p^ 
hu;Mb$*t*«*fei*ft«B!»**. aattsn 

+ . »*L<(*1 0 0-3 0 0°CX*J*fc-£-£&^t\z& 

y -fifts* (iii) ©7*p-hyjnt** 

dfci^-c. A^A'&tf/SfciiB^c-efcsa^i*. 
i#^ti^-fiSie (II) CD?* Pv7->*b'&«)(*fiB» 

[0 0 9 8] 
[ft 8] 



(14) 



2000-281918 




(m> 



[0099] [i£*n«KiRBiJ] *^B^cDiS#n^i!Ri|X 

*r*. -flSxt (i) ©?*p*>7-:/fc*»i2mi=/W 

tt -SSS (I) a:7*D^7=.>1b*»smi=* 

[o i oo] «ffl-e**ifi#mi«iR«i^LTtt. *— 

(1 9 8 6^ 5fl#) J <7> rifi*fl>lft]|Xfe*j (P4 
5-5 1) IT90^ft «ffiftfilRa>Mft^:it]*n 
I4J v-lAv- (1 9 9 0) 3lrfSK$H 

;u ■ e^3j-u>ftjMKSSfe*. h*y > ■ r 
>h^y>^ftm. h u - * > (Sfti) 3* ft 

ft*. ^>h7-'j^ii§Mfes, »™acTft 

*«0)ttA • §ft»3RO)ft*3b<*lf 
[0101] /<-< >$r— 8MB*: Ltli, ttl=MB(*ttl* 

[0 10 2] *«MO)jS*n«i»itt#]S**— K*<Z>3tt 

«»*<D»«Jil=:. ifi#n«9RJR*li: L 
f:;«$xe>3- H*«(Dffi*^*a*«t*SftT^« 

SWtLTI*. ftl=MMr±ttl**<. MttfTJr'J^i 



^h>H, t;u=j— -fePv;u^H*<* if «=>*i« 

x^y — :?p/^y — ju«a>7 
;ua— jUSUS#hW *jh» p v;u^. x^;u-tr p v;u? 

[0 10 3] *»WOifi#n«»JR#J*ifi#nia«iR^ 

wi=«wr*fti^, «*tf7* uju««. tK'jx^u> 

ttlR. 4ft1b tf = — JUfltBl. ttfbfcf-U-rl/WK. #'J* 

x-fJiH, 7;u=i— -bay 

;u^HA<*(f t)*t4*<l#iz % y$y-;u. x*/-;u. 
^p/^y — ;m07Ji/3- ;ua*»Sfl*>* ^;n» p v;u 

[0 10 4] *J6K(DiS#mBi»JR#l* U— if-l»lK¥ 
aS*m»«JR«f=*ft*»*fcr*»ftrt»** 
SIltJMifcKltr**^. 5£ftJS#£f-l*Sfe 

<b*ttttWb-cii«*»j«-r*ta>-e. tt**&a 

K¥iE»»»a>»fta#i:Lrr*. N[=B£r<&tp0> a c 

KlbXtt* ^v7>^-, BHb* 
KSOA, Hfbttfc&tflcfB. ffitt. /<U^A&l/*ju 

□X 7>h7^/>S, 7>h7>XP>^ h'J^ 
i>i?**-W->3R. 7^Qv7->^ WJK>* 
*<D*««»*<*(f&*L*. ^*4<tLr(4. ^tt^#4. 

Kttttft. ^VL$m. «ftaasi£ft»« 

[0 10 5] U-^-^^ie^W*4(D^ft/«^^ LT 
(Dt'feot, ^h>, Xt°Pt° 

ttib«tt^attLT cn6©»##*36<iBa«< una 
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it^fy. p— ysi/^SAaMb^ttu h U ~;u> 
$>&ft^«!U h'J7*>3Wb*», xtfptfv>&ft 

[0106] [*Vu* hSMOlIK] *S£0Ja>:7 

UL\ tLTf*. JlSE<7>* 

[0 10 7] IB«»**»fcLTI*. JftlCcko-CUBS 

to. ft*»fc*ftT?M*»iM-**a>-e. ttX^&B 

1 0 8 5 8 8^«lC|IB***lTl^4-7^^P*^42;U 

ft a? 4ife»»iktt«iK t i*»i±wtt« * #*rr « * <d % 

B962-1 6404 9-*^«lrM^S*lTl*4»*tt« 

tO). «BH¥8-2 2 0 7 5 2#^«|CBB*S*tT^* 
*UW»11*WtMt4tO, WW9-5 99 3 

o-t7 h+y >»7» hMb******t*to, W 
BB*F9- 1 3 1 9 7 7#^«lcBH**4xri>*- hP-fe 
;UP-X«S##-r«*<0. »BB¥9- 1 46 264§ 

<D*A<*lf6tt. 1#l::*]IBI*fcl\, »*lcJ:or(*, 1* 
9-807 4 5 -^4>$8. WMW 9-1 3 1 97 7^ 
^fl¥9- 1 4 6 2 6 4^'£®Lm~m7fi£frX^ 

*cfc3l=#ilMfc*li («*»*fcli8M»ie«») ±(^v 

[0108] %:m$t&mizm^z>tiz>/u>#— mmt 

* f^-lrjl/D- x^;Hz;uq— x. 4z;up— X7t 
ir— h<D<fc5*4z;uP— x^/K'J-^— . tK'JX^U>. 



V X > - X ^ U >#M^i*<D cfc o & =f a & & nTSitt # u 

v-. x7K+i/ft^*^<D*m^i±ft^#i*a^-ai 

[0 10 9] **B^OS)RfflH]®JDSBSIifflS<7)HiMaic 
-by ht#SgSO)fc^ttJSL, H^lcHigiJfiFic^ 

<«*.(dWJx^u:/, tK'J ?Pt?U>. tK'JX^U> 

If) 0iJ*_i£7;u5 -^a (t;u 

Sx^A^ttt;) , fl«a><»:?ttM0>*u 

P— X. tKUX^U>^U^^ U— K tK'JX^UV. 

•J bfx;u7-b£ — ^0^5*^7X^7^ 

*<«!f £*i£*<, L-r, □-hi, T;l 

-<;UAT*fc^>o $^0llfi2 5//m-3mm, 
L < 14 1 00/im-500//mt'fe5 o 

[0 110] 7^Pv7iMb^ BHXU&Jie 

— v^p^^y-;u, y7t K>t;up— ;u3?<d 
r;u=i— > *-;u-b;uy;u^ x^U-bJUVJU:?* 
£f(D-bJI/VJU^SL h;UX> % +ybX 9DPK>if 

S;u. ^Pet>S>fWi:0xxf;H, 7th 

>? wstt</ ^t£E<T>>T h>H. tSft^^UV. ^PP 

7t>;uA. hg^ppx^u>^ira>^*^Kft**S. 

f h7tKP77X ^^>feit*CDX— T^UJi. N, 
[0 111] 3E»(*t*J»ft«Hta)IBI^I*. «»ttfil 

—fSt LTI4. AH I*. «BHB86 0-2 2 9 0 3-§-l>$g 

»qRJ|R»JH*WH^^mrcS3tLr^ft1i-L^frta>. 
4$BRB3 6 2-5 0 7 6 04^«[C||$jf *tT 1^X7^^- 
5/«B*«SMb-frL»fct»(D. 1*88636 3- 1 3 3 1 5 

CDs Mfc»BB^3-2 009 6 5^«lcBB***iri^ 

Kl¥3-2 7 3 2 4 8^«|rBB^*tfCl^*^U^ 
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[0112] A»*«ii*fci*S/ij=i>=fA»a)affi« 
tK'Jx^u>. 7KU^Ptfu>. #'JttHbt?-^ *"J 

*i t> <7) "7 -r ; U A £ 3E # L r ffl I * T t £ I * 0 
[0 113] 

[0114] Mikfli] 7>p^7=>fc*i cm 
ttflHb** ( 1 ) <7)^/$) 

-US it (II) -t?aaF*i«<b6* ( R' i = R' 2 = R3 = 
R' 4 = R' 5 = R ' 6 = R ' 7 = R' 8 = ' s o— ^l/=f- 

C 

f+Jtfit (%) 5 7.4 5 6. 
XMtt (%) 5 7.4 3 6. 

Imax : 7 6 8 n m 

eg: 6. 03'10 4 ml/'g-cm 

»€>*i/=fl:$«Ba> f t - i rx^ h;u£ m 1 l^^-To 
#£>*l*r<b^3<DV I S-N I RqRi|XX^^7 h^5i7 

[0 117] [»tffl2] 7^Pv7->^a (H 

»«i<b** (8) <D^m 

HffiGnizfci^r. p- h;ux>x;U/t^>K^5 1 ;u2. 

c 

W-JUfi (%) 4 8. 0 6 
Xfllt (%) 4 8.03 

Imax : 7 7 3 n m 

eg: 5. 8 8 ' 1 0 4 m I / g ■ cm 
Hbtob^iOFT - I RX^ h^£D2|Z7F-r o 
%Z>*ltzit^fy<DV I S-N I Rq&ilXX^ hJU£H]8 

[0 119] «Jfi«3-5] 7^Dy7-Mb^i 
3 0 g (Dftfr y ICS 1 l3^fT;Mr;HbSfl£ fflt^f:^ 



;uS. x -i = (x 3 . x 4 0)t^ii^-S) = (x 5 . 

X 6 CDl>-fH^-^) = (X 7 . X s tfHN-Tftfr-^) 
^fftJf-^ X 2 = (X 3 , X 4 (Dt5-*) = 

(x 5% x 6 0t5-S) = (x 7 . x 8 0t5-S) 

= 2- yIfJl-7$yxf;i/ft^ M = VO) 5. 8 

gMp - h;ux>7jU7tN>B£/^;u2. 3 o gir h;u 

X>5 0m I £*JD;i. a?!S;SJS (111-11 2°C) X* 
U llfc£t»£a>A{*0Hbdtt (1)8. Og^ffco 

[0115] ;:<&fc$1ft<D7c*5MJHil. 

(Imax) Rtfy^-Mft*tt» (eg) 

[0 116] TclfttftfHKC 128H184CI 4 N 
1 202 1 S8V) :MW=26 7 6. 2 



H 



9 3 
8 8 



N 

6. 2 8 
6. 3 1 



V 

1 . 9 0 
1 . 9 



l*S 

5) 



1 fcH«fc!JlffcifroT. JI1*0Hb»1to (1 
(17) Cjh&(D<bdtt(D«JK«*»ft 



3 0 g(7)ftt?y KSHb^JH - 7 0g£<£ffiU 4 0 

o c-e6B#rpi*^L^^nii3iffi^ji tHUfttifftfio 
m&®*<DM#mib<£to (8) 6. 9gt»fc Q c 

<Dft«»(D7c*»«ftt. y^y— ;U»»*(DlRJR«*a 
A (Imax) &tf^AQ&ftfI§& (eg) lilUT<7)iI y T* 

[0 1 18] 7c*^«rfi(c 100H156CI4I4 

N12O9S4V) :MW=2499. 0 
H N V 

6.29 6.73 2.04 
6.3 2 6.7 1 2.0 

(Imax) &r/^AIR3tt«» (eg) &m2\Z7jk? 0 
[0120] tmmme] z>$nisT->it<£fa<D<£ 
f& (Jlltffllbft* (18) <D£r/£) 
ntfefl 2 fzjsivr* isft^f^ 1 . 7 o g <Dvtt> y ma 

HMtSfToT* JliMMbfttt (18) *»fc. ZOMbft 

;u»?a*a)iaiRa*a« (imax) rxs?^ 

(eg) $a2lz^fo 

[0 1 2 1] 

[ai] 











ft JIM 


3 


(15) 


P - 




1. 12g 


4 


(16) 


P - 


h /l,x> X * * >• n - 7* * 


1. 37g 


5 


(17) 


P - 




1 . 7 1 s 


6 


(1 B) 






0.85s 



[0 1 2 2] 



[»2] 
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A ma 


* g(m 1/g • cm) 


a 


(1 6) 


7 7 1 nm 


6. 8 5x10* 


4 


(16) 


7 7 5 n m 


5. 0 8 « 1 0 4 


6 


(17) 


7 7 5 nm 


3 . 8 2 > 1 0 4 


6 


(1 8) 


7 7 3 nm 


7. 7 4 * 1 O 4 



[0123] *H*flHb$1* (1 5) 0FT - I RQ&ifcX 
^ h;U^H3|Z7F-T 0 ftftfflHbdtt (15) <DV I s 

( 1 6 ) (DFT - I RIRllXX^ h;U^gl4(Z^t-o * 

(*«Hb*tt (16) 0vis-ni RURilxx^ h;u£ 

H 1 O \Z7jk? 0 m&mit&fa (17) ©FT-IR«lS 

x^ h;u$^!5ir^-r o m<*#Hb£ft (17) (DV I 
S-N I R»J|RX'«* h;u£g]i 1IC^-T 0 *fl:«<b^ 
4£l (1 8) <D F T- I RRfti|5XK<7 h 6 ICtt^ 



*f*«Hbd» (18) fl)V I S-N I RQ&iteX^ h;u 
[0 1 2 4] [3g«JSHSn **«©7*P*>7->ft 

**a)mB(*-e**<b*«c^i:t.i=aSLfc. 
(DaftliTEttiSaictt o Ttr o fc. 

[0 1 2 5] 

[4b 9] 




5m I CDX^ U zl— 1^^^^ Pv7->{b^fel 1 O O 
m g &tf > £ J 1 m I £ A*U M i x - R o t o r 



[O 1 2 6] 7^Pv7-Mk^1 OOmgfl)ftfci) 
&7^Pv7->ib^50mg, 3 Om g . 10 

[O 1 2 7] 
[S3] 





mm& iz/m i) 


AttflfefHto (1) 


1 0%tt± 


A*«<b^* (8) 


1 0%J»± 


****** (15) 


1 OXfii-t 


****** (16) 




****** (17) 


l%VL±3%*m 


****** (18) 


3%et±e 


***A 




***B 


0. 156WT 


***C 


0. lXttT 



[0128] cuffi^j 7 ] i&#*tt««tiHo>a& 

¥t£Jl£ 5 AimCDTK'JX^U^^U^^ h (PE 
T) 7 >f JUAIC/nV >^-<t LtfM7 K 8 O N (Jfl 



<b/£x3£ (ft) Si; T*UA,JR«MB) ;iOg, Jlttffl 

**tt(1) ; O. 2 g£ h^X>/> f/UXf h 

> (i/i) a$*a9 0gir»*Lfca*. ^m*- 
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/ <-v &w&<Dm&i>m 5 u m t a « * 5 s« l xun 

t Ltz 0 

[0129] m~=E- K¥»f* 9 s - (Xfl 8 3 0 n 

t-Ag1 0//mtft4J:5lcEBLfc o affiimHtr 
^ ^—Hf—^^r^—^g 0-20 OmwoSBffl-c^^b-e 

+P— A<5 OmWB#. Itg&n 0//mO>SiIL*: 

£ *tr t \ & z t tmnv # fco 

[0130] [MM 8 ] i&*fttt«*i*i|a)a& 
MM7|zfcU*T. JM*«fc$* (1) ; 0. 2gC0ft 
y ClJUMHb** (8) ; 0. 2g$fflW:WI« 
JM9fcH*a>»f**fr-Dfc. BltSaTLfcKS** 

/^-3&<5 0mWB, tt&ffiM 0/im<DJtiiLfrfl.^ 

JlfMtbdtt ( 1 ) 

y* >JX#>3 O 0 6 L V 

[0 13 4] 



?& s *t r l * 4 c t *><5iST*£ o 

[0131] [fttM 9 ] ifi**tt«4Kffla>H& 
MM7l::fclvC* JMMIb&tt (1 ) ; 0. 2g(Dft 

fryizm&mitsm (i s) : o. 2 g *jBi*fcjsmi* 

MM9 4:H»a>»ft£fTofc. H»*ft7LfcK»* 
[0 13 2] [MM 10] $V hSiKfifflEPffiiJJl 

0. 2 vmt&&&o\Zii?T>Tmi')m&BtitLtzo 
[0 13 3] ijftthlEmmo&tiL) TBa>«#TfftJ«L 

fca* ;S * wnao>4f ^ y # «j u >-r u ? * 
u- h ± \znmmm 2 /* m * # * * 5 l , 

o. imaaj 
5. omsas 



(^B*^>«flH (80 SJtPJ H7U*» 
Vjl/X/^-XS2 7 00 0 ( I C I *±g) O. 4fi»35 

— KP-tr;UP— X (n-^P/^/-^3 0%tt) 4. 2 MSSP 

2. OXSflS 

if;^t7-X^h> o. 211^1 

fh7tKP77> 90 MMSii 

[0 13 5] (y'j3>^A10)M) TEO)flt»-Cft 5 L. *>'Ja>^Ai*MLfc. 

«Lfc!Bff*timE(D*»*«ll±lcttl»BI»2^mi: 

a. aj-vfcf-;U7tfU y>fJl/vPW> (1^7 0 0) 

9. OSMSfl 

(CH) 2 S i -0-(S i H (CH 2>-0) 2-S i (CH 2 ) 2 0. 611^ 

/K'Jy/f;uvD^> (1^8 0 0 0) o. 5m*gp 



#P»]#J HCoC-C (CH 3 ) 2 -0-S i (CH 3 ) 3 
(X^Vfl:* OK) H) 

[0136] ±Ea)«k5fcLr»e>*ifcHi»iffliH)Kic % 

KiE±0)/< > 7 — #1 1 0 mW t^^cfc^lC t'-Ag 1 0 
//rru 5§fi;j&:^8 3 O nm^||*b- tf— £ffll*T» 
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